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(54) SWITCHED CAPACITOR TYPE DIGITAL RLTER 
(57)Abstract: 

PURPOSE: To eliminate low frequency noises from a noise circuit in an 
operational amplifier and to extend the dynamic range, and to eliminate 
the effect to the frequency response of the capacity ratio of a band 
filter. 

CONSTITUTION: A switched capacitor type digital filter bkl is provided 
with a discrete time sequence bkl 2 and a discrete time multiplier bk2. 
The multiplier bk2 receives an input signal (x), multiplies the input signal 
(x) by a signal c(n) outputted from the sequence bkl 2 and generates a 
chopped input signal x'. The multiplier bk2 is connected to a discrete 
time filter bk3, which receives the input signal x' and generates a filtered 
output signal y\ The discrete time high band filter bk3 or a low band 
filter bk7 can be used as the discrete time filter in accordance with a 
required function of a chopper stabilized and switched capacitor type 
digital filter such as low pass filter or a band filter. 



i ^O'-.' -1-1 













7^ 



LEGAL STATUS 

[Date of request for examination] 02,1 2.1 993 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 
[Date of final disposal for application] 

[Patent number] 2519171 
[Date of registration] 1 7.05.1 996 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner s decision 
of rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 



Mo. 202637/1995 (TokukaiSmi 7-202637) 

B. Translation of the Relevant Passages of the Document 

This document has relevance to claims 1 and 3 of the 
present application. 

[PRIOR ART] 

[0003] 

There have been some defects in conventional 
switched capacitor digital filters. For example, when the 
switched capacitor digital filter is used for filtering in low 
frequency range, the output signal is seriously 
deteriorated by factors such as (i) a low frequency noise 
such as 1/f noise or (ii) an offset voltage or 
charge-injection noise of the operational amplifier which 
are intrinsic to the circuit structure . On the account of 
these low frequency noise, the dynamic range of the 
switched capacitor digital filter is restricted. Accordingly, 
the switched capacitor digital filter has limited use. 
[0004] 

In order to reduce a low frequency noise in the 
switched-capacitor digital-low-frequency-filter circuit, two 
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solutions has been proposed. One is to use a 
chopper-stabilized operational amplifier instead of a 
conventional operational amplifier provided in a filter. A 
technique using such an amplifier has been documented 
in "A Low-Noise Chopper-Stabilized Differential Switched 
Capacitor Filtering Technique/ K. Hsieh, et al., lEEEJ. 
SoUd-State Circuits, vol. SC16, no. 6, pp. 708-715. The 
other is to use the well-known "correlated duplicating 
sampling method. 
[0005] 

[PROBLEMS TO BE SOLVED BY THE INVENTION] 

However, these conventional techniques are effective 
in reducing the low frequency noise only partially. This 
is because the conventional techniques approach the 
problem from the viewpoint of a circuit in the filter 
structure. 

[0013] 

[MEANS TO SOLVE THE PROBLEMS] 

The switched capacitor digital filter of the present 
invention includes (i) a first discrete time sequence which 
undergoes a discrete state transition, (ii) a first discrete 
time multiplier which multiplies a received input signal by 
the discrete time sequence so as to chop the input signal, 
and (iii) a discrete time filter, connected to the first 
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discrete time multiplier, for generating an output signal 
which is produced by filtering the chopped input signal. 
[0014] 

In this arrangement, when the discrete time filter is 
provided as a discrete time high-pass filter, the switched 
capacitor digital filter can be used as a low frequency 
filter. On the other hand, when the discrete time filter is 
provided as a discrete low-pass filter, the switched 
capacitor digital filter can be used as a band-pass filter. 
[0015] 

The first discrete time sequence may be a signal that 
alternate between ''I'' and at predetermined time 

intervals. Further, the switched capacitor digital filter 
may include (i) a second discrete time sequence, and (ii) a 
second discrete time multiplier, connected to the second 
discrete time sequence and the discrete time filter, for 
generating a chopped output signal by multiplying the 
foregoing filtered output signal by the second discrete 
time sequence. Evidently, the second discrete time 
sequence may be realized by a circuit that generates an 
alternating signal of "l'* and **-l." 

[REFERENCE NUMERALS] 

bkl. CHOPPER-STABILIZED SWITCHED CAPACITOR 
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DIGITAL LOW-PASS FILTER 

bk2. DISCRETE TIME MULTIPLIER 

bk3. DISCRETE TIME HIGH-PASS FILTER 

bk4 DISCRETE TIME MULTIPLIER 

bkl2. DISCRETE TIME SEQUENCE 
bkl4. DISCRETE TIME SEQUENCE 

[FIG. 1] 

DISCRETE HIGH-PASS FILTER 
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*^^TV^5o 0i4-e«. ^ixmzffi«(Offl-^x 1 
(z) , E (z) tLT^Ufco |!8lfc6*)I^M*»^b k 

<oA;'3ft-§-x{*{t-^x' {cSgfSSnSo ^©«-&{cf4. 

30 01 4 (b) tf'il>ilgi^;iS7t-a) x©^ 

«aia«-§-x 1 fttfJ-L^JljlS^iia) X ©«-§-x 1 ' IClEp 

[0 0 5 1] is)(cicfi-§-x' mWcmo'^^<:^y^/\^f' 
b k 7^jiia-r'5:ii:-Cffi*S7>r^i'^y V^;65ife$tL 
5. 015 (a) ft, C:©Bt1KMa!>^^;^7^/W^'bk 

40 ii*«j{c^a©m^y*s^b*t5. 

y©;^^^b/H*. 015 (b) tc^SixTV^So 0^ 
1-5 J; 5 {c. ^l^iiaSft-^ X 1 tt^ftT^i^^/v^lS^ 

©tti^ ht>xhV . *««iijaA*flr-§- e < ms. 
CO 0 5 21 ilBSiiflJ;?), 

X (z) =X1 (z) +E (z) 
X' (z) =X1' (z) +E (-z) 
60 XI' (z) =X 1 (- z) 
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Y' (z) =H' (z) • X' (z) 
H (z) =H' (-z) 
X (z) =X' (-z) 

[0 0 5 3] t^oT. :^^':^i'fl^i$i7^^^<^liitjY 
(z) it, 

Y (z) =Y' (-z) 
=H' (-z) .X' (-z) 
= H (z) • X (z) 

(Om^i:^^i>7t)>h. /-rX^#jSLfc:m;^Y (z) 

Y (z) =H (z) -Xl (z) +H (z) -E (z) 

(2) 

[0 0:5 41 (2) *v&i5j!d>5±p:IC. If^fl^^fOl^ 

■=Er©W:^fS-§-Y (z) {c*^^^TttH (z) -E 
(z) »*S5ijSA;^ffi-§-x 1 

(z) tt, ^(D**7^/P;?^iiia-r'5©^, flf«7-r 
[0 0 5 53 SE-r-^ttt, mmy^/^^y 

(ig2cp©bk7) tte«7^/u^-efco-c, sf«67^ 

[0 0 5 61 ^<r>m^. ^3 y^^^iS^fc^-r y^K^^r 

[005 71 *9=-3 s'/^^^fk;^'f K^-t^^ 

^^^'?i^7'i?^'>'Hlf«fi7-f /v^' b k 5f4, f^jRjK^Si: L-C 

[00581 016 m 2 {c^-r^ 3 s//^^^'(t;;^ 
K'Sf ■*'/-«i/^?^7'i^^'/v^«7-r/v^' b k Sizm 

4 OcD— 'PiJ;^5^$^^T^^S, rw^^^7w>'^^? 4 o 



(7) 

12 

7 -f /Wi? las 4 6 ©Wg^tcfStt bii.^ 1 <D8li!c«FM 

'}'^y^m=m^ 7, ■m^<imi\cmihi\M7.(rmmb 

[ 0 0 5 « 3 ® 1 7 Id^l.*^^® o i^/^ ;^ 7 4 n^'-fM 

4 7, 48 ro;^-r 5'^>'^^^ r 1 1 J r i 2 j 

6. ^'f s'5">'^^l!l^ ri ij jto? n 2j SrR»-r® 
^ o y ft, ie«Kjlcffi#Aj^JXtFm:^«>fittS:«JWT 
-e3!5#$-&Ti3»). .02 <Dil«e«?l^ffli'-^^i^^bk 1 
6. ;bk 1 8Xt35ai»e?»^-MS6^bk6, bkS^H 
^^S. iK»S!B !5r/*^7-f)n'?'bk 714, S'S 

•5. 

» H2<©l8it6^^rai^— '5rv;»i b k I 2, bk 1 6{4, ii$ 

^^fct, ^»-rs rij jscxf r-ij (^m-i-c (n) i)^ 

[0 0 6 11 ifc. si-T's^B 19, *5l?^(D7-r>'V' 

H 2 (DBIftfit^Wi^— i^>«:bkl4. bk4 mmW. 
^(jf^ra^itSSb k 1 8, bk8?rffiv>5rtt-C#5c 

— 5^>';^bkl4, bk425:U?«ltfc6*)^M*3S«bk 1 
8, b k 8Sr#Pt&-rs;ii:*S"BItg-^fe5„ 
[0 0 6 21 jg^li. ^fi<^t^^fitllffl6*)-C. Sib 

[0063] 

50 bi", /-rX. #tclHlK«figi±^C5<SJSi^/-rXtcJ; 
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(8) 



13 



[0 0 6 4 J *;/t> *^)5^<d;^-Y 5-^ K=¥-^-^-?'>'i}'?^f' 
m 2 J 3|c^?^cD^ 2 roSi LV^Hlfe^yi: LT<D^ ay lo 

[0 61 0 5tw^-r^n5'^y-4'Ti?'7A{cS-^VNT^ 

2 O<Dm^ls]liS0Tfc5o 
[071 06tiq%Lfc7>f/V^'2O(D>^-fyf'V^'*^ 

[08101 \c7f^-^mm^m-i\^xmmcmt^MLs 
[0 91 08^c^•r>^^y^^5^'rr^'7A^cS'5v^-c^ 

[0111^3 y/^•^5fe'^^i8i»li*iSg•e^*^j^v^mitlili 

b-C«^L/ctie3leiHlK(c*3»tS'>5 3. W-'>3 



{@ i 31 f^3 y^<^&^m.nnmst-^i^tt^\>^mmm 

101 51 llc<ffl;^(i-§-©«RfttSr^i-^77-efe5„ 
[0161 0.2 \z.7fi \.tdmt^xi y 9 0^cS-:5v^TlS:t^ 
§nfc^3 y^<^mt^^ Y^^^<''y9Wf''^9t\' 
^my^n^9<n>-friy9if>(T^'7J>^'&^rfmm^'Qih 

*[;0 1 7 1 ,0 1 6 iC^-f y99^^T9'yJ>^ ^CS-:3V^ 
Cl9:#.Sc#Ufc|llfe8^i LT<D^a ^y^<mmt^^ y ^ K 

^ So 

2 0 • • y ^ i^? /W^S^^ /U^ 

3 5 ">^-r y^ }f^-t''<i^91^'fi?9/V&$.y-(/^9 

b k 1 ••^3 y/-?ge3t'fls;^'f yf" K='f-1r>'-«->^?^7'i^^' 
bk2-8l«cet)i^KmiMS 

b k 3 "-im^mmmmy ^ f^9 

bk4-ii»e«)^was»« 

b k 5 •••^3 y/^•ge5^'ft;;^'^' y^^ K'^^/<->??^7'i^^' 

bk-6-Miit6(}f$nms^ 

bks-fjiiicWf^rasiLss 
b k 1 i-mmmwy-^^^T. 
b k 1 4-iim»«Frai'-'5-:^:^ 

b k 1 ^-mm^Wy-'r>:^ 
b k 1 8 -mWiti^Wy-^^y^ 
e 1, e 2— ^ffiy-if^QU 
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[@3] 



(a) 



(b) 



|X-(z)| 



0 Wx 



ii ■ I — a 
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1^5] 



m 



-C,z-' 


















-1/Ca 






-1/Cb 
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[@6] 



2Q 
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(13) 



[@1 6] 



=e(n)=.~.i,-1.1,-1. 



^1 -1/Ca | -<^y^^ 



1-2-' 



c(n)«~,l,-1.,1,-.U.. 



-1/Ca 



1-z" 



0— ^ y 



[S I 7 1 




^ 

47 



«0 





5 





2 



66 



C] 



y+ 



«8 



